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 
Abstract—This document provides numerical and experimental 
optimization of the aerodynamic performance of a drone equipped 
with three types of horizontal stabilizer. To build this optimal 
configuration, an experimental and numerical study was conducted 
on three parameters: the geometry of the stabilizer (horizontal form 
or reverse V form), the position of the horizontal stabilizer (up or 
down), and the landing gear position (closed or open). The results 
show that up-stabilizer position with respect to the horizontal plane of 
the fuselage provides better aerodynamic performance, and that the 
landing gear increases the lift in the zone of stability, that is to say 
where the flow is not separated. 
 
Keywords—Aerodynamics, wind tunnel, turbulence model, lift, 
drag. 
I. INTRODUCTION 
HE stability and aerodynamic performance of the aircraft 
are based on several parameters. Among these parameters, 
the stabilizer plays a major role on the maneuverability and 
the pitch and yaw control and the landing gear may present a 
brake on the advancement. Such importance is significant in 
several phases of flight (takeoff, landing, maneuvering, etc.) 
with well-known consequences: increased drag, partial or total 
loss of control of the aircraft [1], [2], etc. 
This work presents a numerical and experimental study of a 
subsonic flow around a drone of four configurations: 
Unmanned Aerial Vehicle (UAV) with reverse V form 
stabilizer, drone with horizontal stabilizer up position, drone 
with horizontal stabilizer down position, and a drone with 
landing gear (Figs. 1-3) [3]. The first phase of this work is to 
build a prototype on SolidWorks to be exported to a mesh 
generator where a computational domain is discretized. A 
computer code is used to estimate the lift and drag coefficients 
at a speed of 20 m/s. The Spalart-Allmaras turbulence model 
is used to solve the Navier-Stokes equations [4]. The second 
phase consists of building a model of a 1/7-scale 
corresponding to the dimensions of the test vein of the wind 
tunnel. The tests in the wind tunnel are conducted at a 20 m/s 
speed for an angle of attack variation from 5° to 17° to 
determine the lift and drag coefficients. The wind tunnel tests 
and the numerical tests were effectuated and compared with 
each other. These experiments allowed us to bring out the 
main trends in order to obtain an optimal design and to 
validate a mathematical model. 
 
 
Fares Senouci is with the Oran University of Science and Technology-
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II. DESCRIPTION OF UAVS 
The first drone is shown in Fig. 1. It has a 0.64-m wingspan 
and swept wing of 3.5° a dihedral of 4° and an empennage of 
NACA 0012 in reverse V form, and a 0.035-m2 area and a 
0.65-m chord. 
 
 
Fig. 1 UAV with landing gear 
 
The second drone is shown in Fig. 2. It is a UAV without 
landing gear it has an up-horizontal stabilizer. It has a 0.64 m 
wingspan and swept wing of 3.5° a dihedral of 4° and an 
empennage of NACA 0012 in reverse V form, and a 0.035-m2 
area and a 0.65-m chord. 
 
 
Fig. 2 UAV with an up-horizontal stabilizer and without landing gear 
 
 
Fig. 3 UAV with a down-horizontal stabilizer and without landing 
gear 
 
The third UAV is shown in Fig. 3. It is a UAV without 
landing gear and it has a down-horizontal stabilizer. It has a 
0.64-m wingspan and swept wing of 3.5° a dihedral of 4° and 
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an empennage of NACA 0012 in reverse V form, and a 0.035-
m2 area and a 0.65-m chord. 
III. TRANSPORT EQUATION AND TURBULENCE MODEL 
The flow around the UAV is considered turbulent and 
symmetric. The general form of the transport equations can be 
written in Cartesian coordinates as follows: 
The continuity equation in its general form: 
 
డ
డ௫௝ ൫ߩ ෩ܷ݆൯ ൌ 0																																			(1) 
 
And the conservation equation of the moment in its general 
form: 
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where U is the flow velocity. 
Turbulence Model [4]: The turbulence model used in this 
work is a model with a transport equation for the quantity 
suggested by Spalart and Allmaras. 
 
డ൫ఘణ൯
డ௧ ൅ ׏ሬԦ. ൫ߩ	 ሬܸԦݒො൯ ൌ ׏ሬԦ. ቂ
		ఓାఘ	௩෤			
డௌ஺		 	 ሬܸԦݒොቃ ൅ P௩ െ ܦ௩		       (3) 
 
where the terms of production and destruction are defined as: 
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		 ௫݂ ൌ g ቀ ଵା஼ೢయ
ల
୥లା஼ೢయల
ቁ                                  (6) 
 
with g ൌ ݎ ൅ ܥ௪ଶሺݎଶ െ ݎሻ	and 
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The closing coefficients are given by the following values: 
 
ߪܵܣ ൌ ଶଷ	; 		ܥ௕ଵ ൌ 0.1355	;		ܥ௕ଶ ൌ 0.622            (8)  
ܥ௩ଵ ൌ 7.1	;	ܥ௪ଵ ൌ 0.3	;	ܥ௪ଷ ൌ 2		                  (9) 
IV. EXPERIMENTAL INSTALLATION 
The experiments were realized in a subsonic wind tunnel 
with closed circuit and 0.46 m × 0.46 m test section. 
In the test section, the speed was fixed at 20 m/s (which 
corresponds to 2.105 Reynolds number). 
The wind tunnel is horizontal type. A conventional closed-
circuit wind tunnel has advantages over an open-circuit wind 
tunnel (Fig. 4); especially, a higher flow velocity, a lower 
energy consummation, and a lower noise level. The air 
velocity around the UAV is produced by an axial flow motor 
and produces a maximum velocity of 69 m/s [5]. In order to 
make tests in the wind tunnel, a prototype is drawn on 
SolidWorks to be able to produce a wooden model of a 1/7-
scale and 0.425 m wingspan which corresponds to the 
dimensions of the test vein. 
 
 
Fig. 4 Subsonic wind tunnel 
 
 
Fig. 5 Model in the wind tunnel  
V. MESH AND BOUNDARY CONDITIONS 
Like most of the problems involved in fluid flow, a virtual 
wind tunnel is an ideal configuration. All three-dimensional 
problems could be divided along the longitudinal plane of 
symmetry [5]. 
After the models were imported from SolidWorks, a field 
was created around the UAV to analyze the flow. It is 
important to examine the asymmetries of the mesh elements to 
ensure that there are no highly asymmetric elements present in 
the mesh [5]. One should recall that very uneven elements can 
cause solution convergence problems in FLUENT [6]. 
The boundary conditions must be defined by GAMBIT. An 
initial speed condition at the input is used to define the flow 
velocity at the inlet. The front face of the flow control volume 
is imposed as an initial condition for the input speed. To 
specify the flow properties entering the volume or calculation 
domain in addition to the face before, the left, top, and bottom 
faces are also specified to ensure that the flow properties are 
taken into account by the FLUENT solver. The outflow plane 
is specified as an output condition of this flow. The surface of 
the UAV is specified as a boundary of the wall to differentiate 
the solid and liquid regions. Finally, the plane of symmetry is 
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specified as a plane of symmetry. A summary of the boundary 
conditions used for this UAV is shown in Fig. 7. 
 
 
 Mesh and boundary conditions 
Fig. 6 The mesh landing gear UAV 
 
 
Fig. 7 Summary of boundary conditions 
 
VI. RESULTS AND DISCUSSIONS 
Several results have been found for several angles of attack 
which varying between -5° and 17° to determine the lift and 
drag of the three types of UAVs for a 20-m/s air flow. 
Fig. 8 compares the lift coefficients obtained numerically 
with that obtained experimentally for a reverse V form UAV 
with a landing gear. A difference of 24% is observed on the 
evolution of the lift in favor of the experiment and an increase 
of the point of stall of 4° in favor of the digital [7], it is 
certainly to the choice of the model of turbulence which 
remains imprecise in the separates flux zone. 
The experimental lift coefficients comparison of UAV with 
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and without landing gear is shown in Fig. 9. The landing gear 
increases the lift in the zone where the flow is stable, while in 
the flow separation zone, the lift is not affected by the 
presence of the landing gear. 
 
 
Fig. 8 Evolution of the numerical and experimental lift coefficients of 
the UAV with landing gear and reverse V form of stabilizer 
 
 
Fig. 9 Evolution of the experimental lift coefficients of the UAV with 
and without landing gear 
 
The lift of the UAV with up-horizontal stabilizer is much 
better than the UAV with down-horizontal stabilizer. This is 
due to the presence of vortices generated by the fuselage and 
the wing which affect the down-horizontal stabilizer Fig 10. 
If we compare two drones of the same category (UAV with 
up-horizontal stabilizer and UAV with reverse V form) as 
shown in Fig. 11, the up-horizontal stabilizer pushes the stall 
to 2 degrees. 
Fig. 12 compares the drag coefficients obtained numerically 
with that obtained experimentally for a reverse V form of 
stabilizer of UAV with landing gear.  
The gap is in favor of the UAV with a reversed V form of 
stabilizer throughout the evolution of the two curves 
 
 
Fig. 10 Evolution of the experimental lift coefficients of the up and 
down-horizontal stabilizer 
 
 
Fig. 11 Evolution of the experimental lift coefficients of the up-
horizontal stabilizer and reverse V form of stabilizer 
 
Fig. 13 represents the evolution of the experimental 
coefficients of drag as a function of the angle of attack of the 
UAV with up-horizontal stabilizer and UAV with down-
horizontal stabilizer. It can be seen that the up-horizontal 
stabilizer has less drag than the down-horizontal stabilizer. 
Fig. 14 represents the evolution of the experimental drag 
coefficients as a function of the angle of attack of the UAV 
with landing gear and of the UAV without landing gear. The 
landing gear represents a light braking on the advancement. 
Fig. 15 compares the drag of the UAV with up-horizontal 
stabilizer and the UAV with reverse V stabilizer. Unlike the 
lift, the up-horizontal stabilizer breaks the progress of the 
drone compared to the UAV with reverse V stabilizer form. 
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Fig. 12 Evolution of the experimental and numerical drag coefficients 
of the reverse V form of stabilizer for a UAV with landing gear 
 
 
Fig. 13 Evolution of the experimental drag coefficients of up-
horizontal stabilizer and down-horizontal stabilizer 
 
 
Fig. 14 Evolution of the experimental drag coefficients of reverse V 
form of stabilizer for an UAV with and without a landing gear 
 
Fig. 15 Evolution of the experimental drag Coefficients of reverse V 
form of stabilizer for an UAV without landing gear and UAV with 
up-horizontal stabilizer 
VII. CONCLUSION 
This study examines the influence of stabilizer and the 
presence of the landing gear on the aerodynamic performance 
of UAVs. The study focuses on the optimization of the shape 
of the stabilizer (in reverse V or horizontal) and their position 
(up and down) and the landing gear (closed or open position). 
A numerical study was also conducted.  
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